Purpose. Leptospirosis is a re-emerging infectious disease that has been reported from all over the world, including South India. Several studies have documented the prevalence of Leptospira in the general population. However, the data on leptospirosis in children were limited. We evaluated the prevalence of antileptospiral antibodies and the distribution of Leptospira serovars in children and adolescents.
INTRODUCTION
Leptospirosis, a zoonotic disease caused by more than 250 serovars of the pathogenic Leptospira species, is a reemerging infectious disease that has been reported all over the world [1, 2] . Due to globalization and climate change, the disease has a wide geographical distribution. Worldwide, it has been estimated that there have been 1 million cases of leptospirosis with 60 000 deaths annually. The annual morbidity was estimated to be 19.7 cases per 100 000 population [3] .
Humans acquire leptospirosis through direct contact with the blood, tissue, organs or urine of infected animals or indirectly through contaminated water or soil when there is injured skin and exposure of mucosal surfaces [4] . Domestic animals such as cattle, dogs, pigs and rodents are the main animal reservoirs and carriers of leptospires. The distribution of serovars depends on local animal species and the adaptability of the Leptospira serovars to new hosts [5] . The clinical manifestations of human leptospirosis range from mild, flu-like illness to a severe form with multi-organ involvement called Weil's disease, which has a case fatality rate of >70 % [3, 6] .
Leptospirosis is endemic in the Caribbean, Central and South America, Southeast Asia and Oceania [1] . In India, the disease was first reported from Andaman Islands in the early 20th century. It has emerged as a public health problem and is found in endemic and epidemic forms [7] .
Most outbreaks of leptospirosis in India have been reported from the coastal regions of Gujarat, Maharashtra, West Bengal, Orissa, Kerala, Tamil Nadu, Karnataka and the Andaman Islands [8] . Higher occurrence rates are observed during the monsoon season and as a consequence of floods. In recent times deaths due to leptospirosis have been reported from Mumbai in the months of September 2016 and 2017 [9] .
Many places in South India are known to be endemic for leptospirosis and these include Chennai and Madurai in Tamil Nadu [10] . The tropical climate of Chennai provides an optimal environment for the survival of Leptospira and is seen throughout the year [11] . Many studies have shown the prevalence of leptospirosis in Chennai to be anywhere between 17-60 % [10, [12] [13] [14] . Leptospira serovars such as Australis, Icterohaemorrhagiae, Grippotyphosa and Autumnalis have been most commonly reported in Chennai [12] [13] [14] .
Leptospirosis has been underdiagnosed and misdiagnosed as it manifests acute febrile illness. Of late, leptospirosis has been recognized as a differential diagnosis for pyrexia of unknown origin (PUO). The World Health Organization (WHO) and the International Leptospirosis Society (ILS) prescribe that any person presenting with acute onset of fever, headache and body aches associated with severe muscle tenderness, particularly in the calf muscles, haemorrhages including subconjunctival haemorrhage, jaundice, cough, breathlessness and haemoptysis be suspected as a case of leptospirosis and investigated [15] .
Although several studies have documented the prevalence of leptospirosis in the general population, studies on prevalence in children are very limited, especially from India. Therefore, the objective of this retrospective study was to evaluate the prevalence of antileptospiral antibodies in children and adolescents and the distribution of Leptospira serovars.
METHODS
This was a retrospective study conducted in the Department of Experimental Medicine of the Tamil Nadu Dr M.G.R. Medical University. The records of all the children (0-18 years) who presented with fever from January 2014 to December 2016 and whose test results were available for antileptospiral antibodies were retrieved. The presence of anti-leptospiral antibodies in sera was tested using the microscopic agglutination test (MAT) [11] . The antigen panel included the following six serovars: Icterohaemorrhagiae, Canicola, Autumnalis, Australis, Grippotyphosa and Patoc. The above serovars were obtained from the Regional Medical Research Center (ICMR), Port Blair, the Andaman Islands and the Nicobar Islands and maintained in Ellinghausen-McCullough-Johnson-Harris (EMJH) medium at room temperature. Weekly subcultures were prepared in fresh medium and incubated at 30 C in the departmental laboratory. A titre that was equal to or greater than 1 : 80 was considered to be positive for antibodies to leptospira. Demographics such as age and gender were also retrieved. This study was approved by the Institutional Ethics Committee of the Tamil Nadu Dr M. G. R. Medical University. The data were analysed using Microsoft Excel and are expressed as means and percentages.
RESULTS
A total of 5407 children were tested for antibodies to leptospira using MAT during the 3 years. An overall Out of 1666 children who were positive for antileptospiral antibodies, 59 % were males and 41 % were females. The gender-wise positivity in each year is given in Table 2 . Antibodies to leptospira were detected more often in boys than girls.
The children's ages ranged from 2 months to 18 years, with a mean age of 7.7±5.77. The children were grouped as per the WHO age classification: infants (1 month to <2 years), young child (2 to 5 years), child (6 to 11 years) and adolescent (12 to 18 years). During the 3 years, a total of 438 infants were tested and the seroprevalence was 14.8 %. A total of 1851 young children were tested and antileptospiral antibody was detected in 479 (25.8 %). Among the 1785 children in the age range 6-11 years, 546 (30.5 %) were positive and 1239 (69.4 %) were negative. Of the 1333 adolescents, 576 (43.2 %) were found to be positive for antileptospiral antibodies and 757 (56.8 %) were negative. The age-wise distribution of leptospirosis in each year is given in Table 3 .
With regard to seasonal occurrence, in Chennai leptospirosis occurs throughout the year among children. The cases peaked in the summer time and during the months of November and December in 2014 and 2016 (Fig. 1) . The occurrence pattern in 2015 was slightly different, with more cases in the first half of the year and the highest number of cases occurring in the month of May.
With regard to laboratory confirmation, the most prevalent serovar in this study was L. Canicola followed by L. Australis and L. Autumnalis. The year-wise distribution of the serovars is given in Table 4 and the MAT titres are presented in Table 5 .
DISCUSSION
Leptospirosis is endemic in many parts of India with increasing occurrence and a high mortality rate, mainly in patients with delayed diagnosis and improper treatment [13, 16] . This study shows that antileptospiral antibodies are present in Chennai throughout the year. This may be due to the tropical climate of Chennai and other factors such as the presence of infected rodents and domestic animals and rainfall [12] .
Studies from Vietnam and Mexico have documented Leptospira prevalence rates of 11 and 37 %, respectively, among children [17, 18] . In 2001, a study from Mumbai, India reported 32 % positivity for Leptospira among children following heavy rainfall and flooding [19] . The prevalence of antileptospiral antibodies in our study was 30.8 %. A population-based case control study from Chennai in 2016 reported 26 % seropositivity [13] , which is similar to our study report. The higher prevalence of leptospirosis makes it almost mandatory to include it in the differential diagnosis for febrile illnesses in children.
With regard to gender, males had a higher seroprevalence for leptospirosis than females, and this is consistent with other studies [17, 20, 21] . The male-to-female ratio in our study was 1.45 : 1, which was very similar to that in another study from Chennai [21] . The male preponderance may be due to the fact boys are more outgoing and spend more time in extracurricular activities (sports) outside their homes during and after school. They may also spend more time playing games in contaminated water. As children age, outdoor activities create opportunities for increased exposure, as seen in our study.
Many studies have suggested that mortality due to leptospirosis increases with age [3, 22, 23] , but the exact causes are yet to be identified. Experienced clinicians in endemic areas commonly believe that leptospirosis produces milder symptoms among children, thereby reducing mortality [4] . This study showed that there is evidence of increasing exposure to leptospira with age. Studies on the effects of multiple exposure on morbidity and mortality need to be conducted.
We received samples for testing throughout the year. The cases were highest in the summer months. In many areas of Chennai there is a water shortage in the summer months and there is every chance that the available water may be contaminated. A study from Chennai reported that the higher prevalence in the month of May may be due to the fact that more people are involved in leisure and recreational activities during the holidays, such as swimming and water sports [12] .
In our study the commonest serovar was Canicola, followed by Australis, and these two serovars were about twofold more prevalent than the other seorvars. A study from Tamil Nadu showed that the predominant circulating serovars in Chennai during 2005-2006 were Australis followed Pyrogenes, Canicola and Hebdomadis [24] . In other states of India, the circulating serovars vary in different regions, i.e. Icterohaemorrhagiae, Australis, Autumnalis and Javanica circulate in Andhra Pradesh, and Icterohaemorrhagiae, Bataviae, Tarrossovi, Canicola, Australis and Pomona circulate in Maharashtra [25] . The serovars Copenhageni, Autumnalis, Pyrogenes, Grippotyphosa, Canicola, Australis, Javanica, Sejroe, Louisiana and Pomona have been reported in other states of India [16, 26] . The change in circulating serovars may be due to infected domestic animals and rodents and contaminated environments.
As we have received and analysed a large number of samples for the detection of antileptospiral antibodies from several tertiary care hospitals and clinics in Chennai, we experienced difficulty in collecting the patients' clinical data, which is a limitation of our study. MAT, despite being the gold standard, cannot differentiate between past and current infection, as it detects both immunoglobulin M and G antibodies. MAT analyses may result in cross-reactions, especially in acute-phase disease, due to the presence of lipopolysaccharides that are common to both pathogenic and non-pathogenic serovars [27] .
Conclusion
This seroprevalence study suggested that leptospirosis occurs among children throughout the year in Chennai, India. The cases peak in the summer months and during the monsoon. Early detection and treatment of leptospirosis, together with control measures, may significantly reduce the spread of this endemic pathogen. Public awareness and the sensitization of parents and children to avoid playing in contaminated water during monsoons should decrease leptospirosis among children. The community can also be educated regarding keeping the environment clean, better waste disposal measures, keeping healthy pets at home and encouraging rodent control programmes.
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